Methods for the development and validation for determination of iron and zinc in human serum and hair samples by graphite furnace atomic absorption spectrometry (GF AAS) were performed. Solubilization was immediate by manual agitation in both samples with a 10 mL volume sample plus deionized water. Optimum pyrolysis and atomization temperatures were obtained by pyrolysis and atomization temperature curves in both matrices. For serum samples, the best temperatures were 1400 and 2500 °C (Fe) and 700 and 1600 °C (Zn), respectively. For hair samples, the best temperatures were 1000 and 2400 °C (Fe) and 800 and 1600 °C (Zn), respectively. Permanent modifiers and zirconium presented best the results for Zn in both matrices and for Fe in serum. . Simple, accurate and precise, this method represents a cost-effective detection protocol suitable for sample analysis for diagnosis of micronutrient malnutrition.
Introduction
The importance of optimal amounts of Fe for the survival of animals, plants and microorganisms is well established and human Fe deficiency is a worldwide problem resulting from a lack of proper dietary food intake. 1 A report from the World Health Organization estimates that 46% of the world's 5-to 14-year-old children and 48% of the pregnant women are anemic. 2 In addition, Fe has particularly relevant roles in neuronal and immune functions. Animal studies have revealed that feeding rats a low Fe diet early in life results in irreversible alterations of brain functions related to insufficient myelination and defective establishment of the dopaminergic tracts. 3 Zinc is responsible for the operation of more than 200 enzymes, some of which are associated with the synthesis of DNA and RNA, and is also involved with immune system functions. 4 Zinc deficiency affects tens of millions of children throughout the developing world, 5 and has been implicated in the pathogenesis of stunting and impaired cognitive development 6 and infectious morbidity. The use of human serum in laboratory diagnosis of micronutrient deficiencies is well documented in the scientific literature. 8 Its composition is similar to plasma, but without fibrinogen and other substances that are used in the coagulation process. Human serum is recognized as a useful means for determining iron, copper, zinc and selenium levels in the body and for diagnosis and monitoring of specific diseases and the study of nutritional deficiencies.
chemical element or drug via external contamination or through ingestion, over a period of time, the substance will be present in hair. The determination of trace elements in hair is not just a means of evaluating the current exposure, but also has the potential to evaluate and reconstruct past episodes relevant to health, even if the occurrence has ceased. 13 Hair is a simpler matrix than blood and urine. 14 It is an attractive biological material due to its simplicity as a sample (easy to obtain, without trauma and/or discomfort), storage, transport and handling. Hair analysis is often used to verify possible poisoning or diagnose disease. Furthermore, the analysis of hair is easier because the analyte is present at a higher concentration than in blood and urine. [15] [16] [17] There are a number of methods available in the scientific literature for Fe and Zn analysis in biological samples, specifically, blood serum and hair samples. Kandhro et al. 18 developed a cloud point extraction method applied for preconcentration of trace quantities of Zn and Fe in biological samples (serum and urine) of thyroid patients prior to determination by flame atomic absorption spectrometry (FAAS). The metals in serum and urine samples were complexed with 1-(2-thiazolylazo)-2-naphthol and entrapped in the surfactant octylphenoxypolyethoxyethanol (Triton X-114). After centrifugation, the surfactant-rich phase was diluted with 0. 4 . In another study, the authors standardized a dissolution procedure using HNO 3 and H 2 O 2 for the determination of Fe, Co, Ni, Mn, Zn, Cu, Cd, and Pb using inductively coupled plasma atomic emission spectrometry (ICP-AES) in order to overcome the shortcomings which include corrosive effects. 19 Although the above studies are valid and well recognized throughout the scientific literature, unfortunately, major drawbacks to the analysis of trace elements using such methods include the elevated costs of reagents and relatively elaborate time-consuming process in sample preparation. Therefore, there is an urgent need for a method that is fast, accurate, safe, and cost effective. [21] [22] [23] [24] [25] [26] [27] [28] Since the two elements investigated in this study are internal transition elements, we investigated the carbide forming permanent modifier (500 µg) group members (carbide forming elements) niobium, tantalum, titanium and zirconium. Moreover, the two matrices (whole blood and serum samples) have been studied in previous works. 29, 30 They are rich in carbon and tend to form carbonaceous residues within the graphite tube (to the point that they interfere with light passage from the lamps, thus interfering with obtained absorbance). The use of carbide forming elements aids in preventing the formation of these residues within the graphite tube.
This study investigates the methods for iron and zinc determination in serum and hair samples using graphite furnace atomic absorption spectrometry (GF AAS) after dissolution with Universol ® , which presented the advantage of immediately dissolving and forming a homogeneous and indefinitely stable solution.
Experimental

Instruments and apparatus
A Perkin Elmer Aanalyst TM 400 atomic absorption spectrometer (Norwalk, USA), equipped with graphite furnace (HGA800) with background correction by deuterium lamp and autosampler (AS-800) was used for iron and zinc quantification. Readings were made for integrated absorbance (peak area). A multi-element hollow cathode lamp (HCL) for Fe, Zn, Mn and Cu (Perkin Elmer Part No. N305-0212) was used according to the recommended manufacturer's instructions. The wavelengths (nm), slits (nm) and applied current (mA) were of 248.3, 1.8/1.35 and 15 for Fe and 213.9, 2.7/1.8 and 15 for Zn, respectively. The graphite furnace autosampler received an injected volume of 20 µL for samples of both analytes and solutions used for calibration. Vol. 27, No. 1, 2016 High purity argon was used as inert gas (99.996%, White Martins, Belo Horizonte, MG, Brazil). Pyrolytic graphite tubes with an L'Vov platform (Perkin Elmer, Part No. B3001264 and B3001263) were used for all the studies. Adjustable micropipettes of 20-200 and 100-1000 µL (Digipet, Curitiba, PR, Brazil) were used to prepare the solutions.
Reference solutions and reagents
The reagents used in this study were of analytical purity. All aqueous solutions were prepared using deionized water (resistivity of 18.2 MΩ cm) obtained by a direct-Q system (Millipore, Billerica, MA, USA). solutions were prepared at 1 mol L -1 in hydrochloric acid and were used to obtain the permanent modifiers. A concentration of 1000 mg L -1 of tungsten was also used and prepared by dissolving 0.2 g of Na 2 WO 4 (Merck, No. 106672) in 100 mL of deionized water. The iron and zinc analytical solutions were prepared from stock solutions of 1000 mg L -1 prepared using 5% v/v nitric acid from ampoules (Titrisol, Merck) and stored according to the manufacturer's instructions.
Washing hair samples
Currently, the washing method, developed by the International Atomic Energy Agency (IAEA), is commonly used in many laboratories. [29] [30] [31] [32] Hair samples were treated over several stages: in 20 mL of acetone, twice in 40 mL of twice distilled water, and finally, once again in 20 mL of acetone. After washing, the samples were dried at 80 °C and weighed (about 100 mg).
Platform treatment with permanent modifiers
Each L'Vov platform inserted in a graphite tube was treated with the permanent modifiers (tungsten, zirconium, titanium, tantalum and niobium) using a specific heating program (Table 1) , according to da Silva et al. 33 Volumes of 50 µL of each modifier were injected by the autosampler pipette in the L'Vov platform. This tube was then submitted to a heating temperature program and the procedure was repeated 10 times to result in a platform treated with 500 µg of permanent modifier.
Samples and sample preparations
The analyzed serum and hair samples were collected from 20 pre-adolescent, menstruating girls enrolled in a public elementary school in Belo Horizonte, located in the Brazilian state of Minas Gerais as part of a larger, controlled and randomized clinical trial. 34 One sample was used in the methods optimization study. Preparation of the sample was quite simple: 500 µL of serum was added to 500 µL of Universol ® , while about 100 mg of dried hair samples were added to 500 µL of Universol ® . Solubilization is immediate and the expected high values encountered from these metals in serum and human hair from the resulting solutions were diluted to 10 mL with ultrapure water.
For accuracy, CRM was tested against the serum samples using Trace Elements Serum L -1 from Seronorm (Sero, Billingstad, Norway) and human hair reference material (IAEA-086, International Atomic Energy Agency, Vienna, Austria) was tested against the hair samples.
LOD and LOQ calculation
The limit of detection (LOD) and limit of quantification (LOQ) for both analytes (Fe and Zn) were calculated after 10 measurements of the Universol ® plus water in a final volume of 10 mL. The LOD was calculated as 3s / a, while the LOQ was 10s / a, where s is a standard deviation of ten measurements of the blank and a is the slope of the aqueous calibration curve.
Results and Discussion
Analytical parameters of merit
Comparison of the average slopes of three aqueous calibration curves and the average slopes of three matrix matching calibration curves for serum and hair samples, To choose the best modifier element, that is to say, a modifier element that promotes increased sensitivity with a symmetrical peak, a low relative standard deviation (RSD) and corrected background, using the manufacturer's recommended furnace program, studies were performed with a sample prepared, as shown above, in each tube treated as described. For both metals, the best modifier (taking into account the results obtained for sensitivity, pulse shape of absorption, background correction, and RSD for three replicate studies less than 5%) was permanent Zr (500 µg) deposited on a L'Vov platform inserted into a graphite tube.
To obtain optimum temperatures for pyrolysis and atomization of each analyte in the studied matrices and prepared by solubilization with Universol ® , temperature curves were performed for pyrolysis and atomization in each matrix (serum and hair diluted as described previously), using Zr as a permanent modifier for Fe and Zn in serum and Zn in hair. To analyze Fe in hair, the permanent modifier Nb (500 mg) was used. Results from analyzing diluted serum samples demonstrated that optimum temperatures curves obtained for the pyrolysis and atomization (better sensitivity, symmetrical peak and background correction) were 1400 and 2500 °C for iron and 700 and 1600 °C for zinc, respectively. According to results for the hair samples, the best temperatures were 1000 and 2400 °C for iron (using permanent Nb, 500 µg) and 800 and 1600 °C for zinc (using permanent Zr, 500 µg), respectively. For all cases, the values for background were below 0.1 absorbance integrated units (s). The temperature program used for the determination of iron and zinc in serum and hair is presented in Table 2 . Figures 1 and 2 present the absorption signals for Fe in serum and hair, respectively. As can be observed in the Figures, the shape of the absorption signals was very different for serum and hair. This may be explained by the differences of the best pyrolysis temperatures obtained for iron in serum and hair samples (Figures 1 and 2 ).
Comparison of the average slopes of three aqueous calibration curves and the average slopes of three matrix matching calibration curves for serum and hair samples, and for both analytes, resulted in no significant difference, which was in agreement with results from the F-test and Student t-test analysis. Thus, the determination of both analytes from both matrices can be performed against aqueous curves. The parameters of merit of the aqueous calibration curves for both analytes presented an r 2 > 0.996 result. Other figures of merit, determined by this method, are presented in Table 3 .
The characteristic masses determined for iron and zinc were close to the values recommended by the equipment manufacturer: for Fe, observed characteristic mass was 5.8 ± 0.6 pg (recommended is 5 pg) and for Zn, 9.6 ± 0.8 pg (recommended is 10 pg).
The LODs were 0.7 and 0. for Zn (Zn certified value of 1742 ± 82 µg L -1 ), while analyzing the hair sample certified reference material, the observed results were 114 ± 18 mg kg -1 for Fe (certified value of 123 ± 13 mg kg -1 ) and 172 ± 5 mg kg -1 for Zn (certified value of 167 ± 8 mg kg -1 ). The F-and t-tests (Student's, 95% confidence level) showed no difference between these values. Therefore, this demonstrates good accuracy for the proposed methods. Tables 4 and 5 Kazi et al. 35 compared the level of essential trace elements chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), and zinc (Zn) in biological samples (whole blood, urine, and scalp hair) of male and female patients with diabetes mellitus type 2 (n = 257) comparing them with their non-diabetic male and female controls (n = 166) aged 45 to 75 years. The concentrations of Zn, obtained by these authors in scalp-hair samples from the control subjects, ranged from 203.6-220.5 and 177.2-197.5 µg g -1 . However, in male patients, this range was 131.9 to 163.5 and 140.7 to 169.3 µg g -1 in age groups 45 to 60 and 61 to 75 years, respectively. Our work was done , a result that is in accordance with data cited by the authors.
Analytical application
A study by Baranowska et al., 36 which analyzed hair and teeth samples collected from the inhabitants of Katowice, Gliwice, Pyskowice and Tychy (Silesia, Poland) for multielement content by X-ray fluorescence spectrometry, obtained an average concentration of 36.3 µg g -1 for Fe and 162.1 µg g -1 for Zn in hair samples. In our study, the highest value observed was for iron in hair (25.8 µg g -1 ). However, the author's data from the aforementioned study was taken from a contaminated area. Our results for Zn were very close to those obtained by the authors.
Izquierdo Alvarez et al., 37 reviewing normal levels of Cu, Zn and Se in serum of pregnant women, determined an average Zn concentration of 6.5 ± 1.3 mg L -1 , while in our study, the observed values were very close to those of the authors': around 2.8 to 8.1 mg L -1 , with many values close to 6 mg L -1 , which was in agreement with the values found by these authors. Martín-Lagos et al. 38 determined Zn and Cu concentrations in serum from Spanish women during pregnancy. In pregnant women, Zn serum levels were 3-13.4 µg L -1 , whereas in a non-pregnant women group, the mean serum level was 9.5 ± 2.7 µg L -1
. These values are considered very low compared with our results and the others cited here.
Zaichick and Zaichick 39 studied the age dynamics and gender on major and minor trace element contents in scalp hair of 80 relatively healthy 15 to 55-year-old women and men by instrumental neutron activation analysis (INAA). The average iron and zinc concentrations were 88.2 ± 6.7 and 154 ± 3 µg g -1 , respectively. Our observed values were much lower than those cited by these authors for Fe (but in accordance with other studies), while for Zn, the results were very close. No correlation between age groups was observed by the authors.
Hatipoglu et al. 40 investigated the relationship between serum ghrelin levels and hair Zn concentrations in children. The children were divided into two groups according to hair Zn concentrations. Group 1 consisted of children with low (< 70 µg g ) hair Zn levels. The results obtained in our study were greater than 121 µg g -1 for Zn in hair samples. Hair Zn concentrations and serum ghrelin levels were measured in all children. There were 10 children with low hair Zn levels (group 1) and 15 with normal levels (group 2). Zn serum levels and ghrelin concentrations in group 1, 103.1 ± 71.8 and 1 ± 0.2 µg L -1 , respectively, were lower than in group 2, 164.9 ± 40.5 and 1.2 ± 0.2 µg L -1 , respectively.
Sreenivasa Rao et al. 41 determined Fe, Mn, Zn and Cu concentrations in hair samples of Indian residents and observed that iron levels (25-50 µg g -1 ) increased with age. The levels obtained in the present work matches well with the values reported for Indian residents by other researchers. Similarly, the Zn content (ca. 100 µg g -1 ) obtained from the Indian population group in these investigations matches well with another study conducted by the same authors. In our study, the values for Fe in hair were between ca. 14 to 26 µg g -1 , and for hair Zn, an average of ca. 170 ± 19 µg g -1 was observed. The LOD, calculated on the basis of 3 times the standard deviation of the blank, were 2 µg g -1 for Fe and 2.5 µg g -1 for Zn, while in our study, we obtained 0.3 and 0.1 µg kg -1 , respectively for Fe and Zn.
Finally, Ching-Chiang et al. 42 determined the Se, Fe, Cu and Zn levels in serum of patients at different stages of viral hepatic diseases. Obtained iron levels were 1. for the healthy controls, we observed an average Fe serum 
Conclusions
The developed methods done in this study are considered fast, efficient and inexpensive while facilitating the determination of Fe and Zn in serum in subjects at-risk for micronutrient malnutrition. The serum was solubilized using Universol ® at a 1:1 proportion, and adequately diluting the sample according to the expected metal concentration. To determine iron and zinc, the serum solutions plus Universol ® were diluted 10 times representing a dilution factor for serum 20 times for both metals. In hair samples, the dilution factor was also 20-fold for both metals. Of the modifiers investigated, permanent Zr (500 mg) was more efficient for both analytes in both matrices, except for Fe in hair, in which the best modifier proved to be permanent niobium (500 µg). Pyrolysis and atomization temperatures for the two analytes were optimized through temperature curves for pyrolysis and atomization in the matrix (serum or hair plus Universol ® and water). The addition of Universol ® to both serum and dry hair resulted in an instantaneous solubilization forming a homogeneous suspension and an indefinitely stable matrix reducing background absorption, a process not observed in preciously published studies. The accuracy (verified using certified reference materials) was in agreement with the certified values for both metals in both matrices. It is also important to note that the analysis of hair resulted in relative standard deviations, most of which were less than 3% with many values near or below 1%, demonstrating that hair and metals dissolve homogeneously in Universol ® .
